AcHMnTOTHHecKHe (popMyjibi fljia co6cTBeHHbix 3HaneHHH 
h co6cTBeHHbix (pyHKijHH onepaTopoB IIlTypMa JlnyBHJiJiH 
c noTeHD,HajiaMH — pacnpe^ejieHHHMH. 
KpaeBbie ycjioBHa ^Hpnxjie— HefiMaHa. 

IIJBeHKHHa 0. A. 
B HacToameii CTaTbe H3yHaeTC5i onepaTop IIlTypMa-ilHyBiijijiH 

o : 

§: y = ~d^ + q ^ y ' () 

rn b npocTpaHCTBG L2[0,7r] c rpaHHHHbiMH ycjiOBH^MH ^HpHXjie-HeftMaHa 
y(0) = y'(7r) = 0. ripeflnojiaraeTCH, hto noTemjiiaji q(x) = u'(x), r^e 
u £ I/2[0, 7r]. IIpoHSBOflHasi s^ecb noHHMaeTCH b CMbicjie pacnpe^ejieHiiH. One- 
paTopbi TaKoro (h Gojiee o6m,ero) Bii^a 6bijiH onpe^ejieHbi b pa6oTax |I]-|2]- 
TaM >Ke 6bijio flOKasaHO, hto onepaTop L iuviecT hhcto flHCKpeTHbift cneKTp, a 
b cjiy^ae Bem,ecTBeHHoro ncxreHipiajia — caMOConpa>KeH h nojiyorpaHnneH. IlpH 
3tom b cpopiviyjiax fljia coGcTBeHHbix 3HaneHHH 6bijiH BbinncaHbi ^Ba nepBbix njie- 
Ha acHMnTOTHKH; ^jih co6cTBeHHbix (pyHKD;HH 6biji nojiy^eH rjiaBHbift HjieH. B 
He^aBHeH CTaTbe A.M.CaB^yKa [3J 6bijia ^OKasaHa 6ojiee noppo6n&5i acHMnTOTiiKa 
fljia coGcTBeHHbix (pyHKL^HH b cjiynae KpaeBbix ycjiOBHii ^iipiixjie. IIojiyHeHHbie 
acHMnTOTHHecKHe cpoptviynbi HMeiOT npiuio>KeHH5i k sa^a^aM pa3Horo xapaKTepa, 
Hanpniviep, b paGoTax H.B.CaflOBHHHefi [3]-[5], 3th pe3yjibTaTbi ncnojib30BajiHCb 
npii flOKasaTejibCTBe TeopeM paBHoexoflHMOCTH. 

I^ejib flaHHoft CTaTbH — nojiyHHTb acHMnTOTHHecKiie (popMyjibi rjisi co6cTBeH- 
hmx 3HaneHHH h co6cTBeHHbix h npncoeflHHeHHbix (pyHKii,HH onepaTopa (CD) c Kpa- 
eBbiMH ycjiOBHHMH ^iipiixjie-HeHMaHa. IIoTeHijHaji q(x) npe^nojiaraeTCfl kom- 
njieKCH03HaHHbiM. HeKOTopbie pe3yjibTaTbi 06 onepaTope L, nojiyHeHHbie b [2] h 
HeoGxoflHMbie b stoh pa6oTe, 6ynyT npHBe^eHbi Hii>Ke. 

Hania sa^ana — nojiy^HTb aciuvinTOTHHecKiie cpopMyiibi fljra peineHiifi ypaBHe- 

HH5I 

y" + q(x)y = Xy. (2) 



YpaBHeHHe (J2j) mo>kho 3aniicaTb b BH^e ciiCTGMbi (cm. [2]" 

-u) \yl) ' yi = Vj V2 = V ' ~ U ^ y - ^ 




u 

-X-u 2 
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C^ejiaeM 3aMeHy yi(x, A) = r(x, X) sin9(x, X), y2(x,X) = X^r(x, X) cos9(x, A), 
KOTopaa 5iBji5ieTC5i MOflHcpHKaHHeft 3aMeHbi Ilpiocpepa (cm. [6]). Tor^a CHCTeMy 
mojkho nepenncaTb b BH^e 



r sin 9 + r6' cos 9 = w sin 9 + A 2 r cos (9 
A 5 r' cos # — A 5 r#' sin 9 = — Ar sin (9 — u 2 r sin (9 — X 1 ur cos 



(4) 



iyje r = r(x,A), # = 9(x 1 X),u = a nponsBOflHbie (pyHKi^nft r h (9 6epyT- 

csi no nepeivieHHOH x. Ymhojkhm nepBoe ypaBHeHne b ([!]) Ha X^cos9 h BbiHTeM 
BTopoe ypaBHeHne, yMHOxeHHoe Ha sin#. B pe3yjibTaTe nojrynnM ypaBHeHne fljra 
CpyHKHHH 9(x, A) 



<9'0, A) = A 1/2 + X- 1/2 u 2 {x) sin 2 0(x, A) + u(x) sin 2<9(x, A). 



(5) 



Ecjih Mbi cjiojkhm nepBoe ypaBHeHne b (111), yMHOJKeHHoe Ha A 2 sin#, co BTopbiM 
ypaBHeHHeM, yMHO>KeHHbiM Ha cos#, to nojiynnM ypaBHeHne Ha 4)yHKHHK) r(x, A) 



r'(x, A) = — r(x, A) 



u 



x) cos 20(x, A) + ]-X~ 1,2 u 2 (x) sin 2#(x, A) 



(6) 



HTaK, mm nojiynnjin (popMyjibi fljia (pyHKHHH r(x, A) h 9(x : X) : c noMombio 
KOTopbix mo>kho Bbipa3HTb penieHHe ypaBHeHne ([21). BBe^eM HeoSxoflHMbie 060- 
3HaneHH5i h ccpopMyjinpyeM BcnoMoraTejibHbie jieMMbi fljra HCCJie^OBaHHa sthx 
cpopMyji. Byn,eM o6o3HanaTb 



v{x 1 A) 



+ 2 



(t) sin(2A 1/2 t)^ + -A~ 1/2 / u 2 {t)dt+ 

2 Jo 

u(t)u(s) cos(2A 1/2 i) sin(2A 1/2 s)eM- 

-X- 1 ' 2 / w 2 (£)cos(2A 1/2 f)^, 
2 Jo 



'0 Jo 



(7) 



7(A) 



sup I 

0<a:<7r 



+ 2 
1 

+ - 



r/ 

'0 Jo 



sin(2A 1/2 £)d£ 



+ 



u 



(t) cos(2X 1/2 t)dt 



u{t)u{s) cos(2A 1/2 f) sin(2A 1/2 s)(i£ds 



X- 1 ' 2 / u 2 (i)cos(2X l ' 2 t)dt 
Jo 



+ |A| 



-1/21 



u 



+ 



|2 
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CqbopMyjinpyeM yTBep^K^eHHH, KOTopbie noTpe6yiOTca HaM b flajibHemneM. 
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JleMMa 1 (cm. [2]) 

EtycTb a > - npoH3BOJibHoe (piiKCHpoBaHHoe hhcjio, aP a - oGjiacTb, orpami- 
HeHHafl napaGojiOH |Im y/X\ < a. Tor^a cymecTByeT hhcjio /i, 3aBncHin;ee TOJibKO 
ot u(x) h ct TaKoe, hto npii jiio6bix A G P a , Re A > \x ypaBHeHiie (J5j) iiMeeT e^im- 
CTBeHHoe penieHHe #(x, A), onpeflejieHHoe npn Bcex < x < 7r h yupBjieTBopflio- 
m,ee HanajibHOMy ycjiOBiiio #(0, A) = 0. 3to penieHHe flonycxaeT npe^CTaBjieHHe 

9(x, A) = A 1//2 x + v(x, A) + p(x, A), 

r^e sup A) | < Mj 2 (\), A G P a , Re A > /i, npiraeM Bbi6op iiocto5ihhoh M 

0<X<7T 

3aBHCHT OT (pyHKIITIII U II Q, HO He 3aBHCHT OT X, A. 

JleMMa 2 (cm. [2]) 

EtycTb a > - npoH3BOJibHoe (piiKCiipoBaHHoe hhcjio, a P a - o6jiacTb, orpa- 
HHHeHHaa napa6ojiOH |Im vA| < a. EtycTb 6(x, A) - penieHHe ypaBHeinra (0) c 
HaHajibHbiM ycjiOBHeM (9(0, A) = 0. Toiyja penieHHe r(rc, A) ypaBHeHira (0) c Ha- 
najibHbiM ycjiOBHeM r(0, A) = 1 flonycKaeT npeflCTaBjieiuie 

PX PX 

r(x,X) = l — / u(t) cos (2nt)dt — — / u 2 (t) sin (2nt)dt + A), 
jo 2n J Q 

A G P a , Re A > p, 

r^e sup A) | < Mj 2 (X), npnneM M h p, 3aBHC5iT TOJibKO ot a h a. 

0<a;<7r 

riepexo^HM k (popMyjinpoBKe h ^OKasaTejibCTBy yTBepjK^eHHH HenocpeflCTBeH- 

HO flaHHOH CTaTbH. 

TeopeMa 1. JJjiz co6cTBeHHbix 3HaHeHHii onepaTopa L = —d 2 /dx 2 —q(x) c rpa- 
HHHHbiMH ycjiOBHHMH ^irpiixjie-HeiiMaHa ?/(0) = 0, 2/(71") = 0, iyre q(x) = u'(x) : 
& u(x) G L2, BbinojiHeHo: 

Ay 2 = n-i-^(7r,(n-i) 2 ) + KA n ), (8) 

Rfle nepe3 p(X n ) 3/recb h ^ajiee 6yn,eM o6o3HanaTb npoH3BOJibHyio nocjieflOBaTejib- 
HOCTb, yflOBjieTBopsnomyio ycjioBnio |p(A n )| < M7 2 (A n ). S^ecb M 3aBncnT TOJib- 

KO OT (pyHKIIHH U. 

^OKasaTejibCTBO 

06o3HannM m = n — |,n G N. fljra ypaBHeinra — = A?/ o6mee pemeHne 
HMeeT BHfl y = C\ sin (A 1//2 x) + C2 cos (A 1 / 2 ^), r^e c\ n C2 — npon3BOJibHbie nocTO- 
5iHHbie. IloflCTaBHB b pemeHne rpamiHHbie ycjiOBHH, nojiynnM, hto 
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1. 1/(0) = 0, OTKy^a cjie^yeT, hto C2 = 0; 

2. y'(7r) = 0, 3HaHHT, cos#(7r, X n ) = 0, h cjieflOBaTejibHO, 6(tt, X n 
JleMMe 1 npn x = tt nojiy^HM: 

X l J 2 + -v(ir, X n ) + p(X n ) = m, r fl e |p(A„)| < M 7 2 (A ?1 ). 



7T 



TaKHM o6pa30M, HeoGxoflHMO flOKasaTb on,eHKy 

\v{7T,X n )-v{7T,m 2 )\ <M~f 2 {X n ). 
Ilpeo6pa3yeM jieByio HacTb HepaBeHCTBa. 

PIT 

v(ir, X n ) - v(ir, m 2 ) = / u(f)(sin (2X n /2 t) - sin (2mt))dt+ 

Jo 



+^(K 1 ' 2 ~ I J u 2 {t)dt-J u 2 {t) cos (2X 1 J 2 t)dt 



1 



-m 



J o 
+2 



! (t)cos(2A r 1 / 2 ^)^ - / u 2 (t) cos (2mt)dt 



u(t)u(s) cos(2X n /2 t) sin(2X n /2 s)dsdt- 



'o Jo 



»7T />t 



71171. rio 



(9) 



(10) 



— J J u(t)u(s) cos(2mt) sm(2ms)dsdt 
06o3HaHHM cjiaraeivibie H3 npaBOH HacTii ( TTUf ) b nopa^Ke hx OHepeflHOCTii 

1 /2 

ii, l2ihi Iai h BBe^eM Benin HHy z/„ = X n — rn, npiiHeM otmcthm, hto H3 ([7]) 
cjie^yeT, hto \is n \ < M^ 2 (X n ). IlepeHfleM k on,eHKe ii, jxjik SToro npeo6pa3yeM 
cyMMy CHHycoB k 6ojiee yn,o6HOMy Bii^y. 



sin (2X n /2 t) - sin (2mt) = sin {2X n /2 t) - sin {2X n /2 t - 2v n t) = 
= sin (2X n /2 t) - sin (2XlJ 2 t) cos (2u n t) + cos (2Ai /2 £) sin {2v n t) = 
= sin (2X n /H) - sin (2A^)(1 - 0(u 2 n )) + cos (2A^)(2^ + 0{i%)) 
=2is n tcos(2X n /2 t) + 0(is 2 n ) 
IloflCTaBHM nojiyneHHoe b I\\ 



h = 



2v n I tu(t)cos(2X n /2 t)dt + 0(v, 
Jo 





PTT ft 

2v n \ \ u(s) cos (2X 1 J 2 s)dsdt 
Jo Jo 





2u n 7T 




Jo 



+ 0{yl) < M|^ n || 7 (A n )| < M 2 7 2 (A n ). 



flajiee 3aMeTiiM, hto A n ^ 2 — m -1 = 0(m~ 2 ), h cos (2\l/ 2 t) — cos (2m£) = 0{u n ), 
npiineM rrT 2 < M-f 2 (\ n ) h v n m~ x < M-f 2 (\ n ), cjie^OBaTejibHO I2 11 I3 no MOflynio 
He npeBOCxo,n,5iT BejiiiHiiHbi M7 2 (A n ). 

fljia oueHKH nocjieflHero cjiaraeMoro b npaBoft Haera ( TTU| ) BOcnojib3yeMC5i pa- 
bchctbom: 

cos {2\ l J 2 t) sin (2Ay 2 s) - cos (2mt) sin (2ms) = 
= cos (2A r V 2 t)(sin (2X 1 n /2 s) - sin (2ms)) + (cos {2\ l J 2 t) - cos (2m*)) sin (2ms) = 
=2u n scos (2X 1 J 2 t) cos (2Ai /2 s) - sin (2X 1 J 2 t) sin (2Ai /2 s) + 0(vf 



H3 onpe^ejieHHH (ioyHKniiii 7(A n ) nocjie ii3MeHeHii5i nopsiflKa iiHTerpirpoBaHira 
nojiyHHM: 

2u n(j^ u(t) cos (2\l/ 2 t) u{s)cos{2\ l J 2 s)dsdt S j < Mj 2 (X n ). 
To TKe BepHO fljra aHajioriiHHoro HHTerpajia c ciiHycaMii. Tor^a II4I < M7 2 (A n ), 



n cnpaBefljiHBOCTb oneHKii (jyjj ycTaHOBjieHa. 
ymeepafcdenue doKa3ano. 
3aMenaHHe 

H3 [2] (JleMMa 2.4) cjie^yeT, hto b cjiynae u(x) 6 L2 - nocjie^OBaTejibHOCTb 
(7(A n )} G /2, h TaKHM o6pa30M, {7 2 (A n )} G l\. 

riepexo^HM k Bonpocy o coGcTBeHHbix h npiicoefliiHeHHbix (pyHKijHHx onepaTO- 
pa (ffl). 

TeopeMa 2 

PaccMOTpnM onepaTop L, nopo^KfleHHbiH /nicpcpepeHiriiajibHbiM Bbipa>KeHH- 
eM — y" + q(x)y, r^e g(x) = u'(x) b CMbicjie pacnpeflejieraft, a KOMnjieicc- 
H03HanHa5i (pyHKii,H5i u(x) G L2, 11 KpaeBbiMH ycjiOBH^MH ^Hpnxjie-HeHMaHa 

|/(0) = 0, 2/(71") = 0. 0603HaHHM HepC-3 {2/n(^)}^Ll CHCTeMy C06cTBeHHbIX II 

npiicoe-fliiHeHHbix cpyHKi^iiH onepaTopa L (onpe^ejieHiie cnereMbi coGcTBeHHbix h 
npncoeflHHeHHbix (pyHKnnn cm. b [3]), nepe3 {w n (a:)}^L 1 - 6iiopToroHajibHyio 
CHCTeMy. Tor^a cnpaBe/yiiiBa cjieflyiomasi acHMnTOTHnecKasi (popMyjia: 
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\ Vnix) = 



sin(mx) ( 1 H — / (tt — t)un(t) cos(2mt)dt — [ u(t) cos(2mt)dt) + 
V ^ Jo Jo J 

— sm(mx)( - / u 2 (t)sm(2mt)dt+- [ (n-t)(u 2 R (t)-u 2 r(t) sm(2mt)dt) ) + 
2m V Jo Jo • y 

+ cos(mx)( / u(t) sm(2mt)dt + 2 / / u(t)u(s) cos(2mt) sin(2ms)dsdt— 
\Jo Jo Jo 

x r 2x r f l \ 

/ u(t) sin(2mt)dt / / u(t)u(s) cos(2mt) sin(2ms)dsdt + 

~ ./o ~ Jo Jo J 

+ — cos(mx) ( / u 2 (t)dt- I u 2 (t) cos(2mt)dt- 
2m \J Jo 

--/ u 2 {t)dt + - u 2 {t)dtcos{2mt) ) + p(x,\ n ), (11) 
ttJo tt Jo ) 

C00TBeTCTByK)III,He 4)yHKII,HH 6HOpTOrOHajIbHOH CHCTeMbI HMeiOT BHfl: 

sin(mx) (l H — /" (7r — t)(u R (t) + 2iui(t)) cos(2mt)dt — [ u(t) cos(2mt)dt J + 
V " ./() ./() / 



I / f x 



+ - — sin(mx) I — / u (£) sin(2mt)rft+ 
2m \ Jo 

+ \ f ( 7r ~ t )( u R( t ) ~ u]{t) + Uu R {t)u I {t))sm{2mt)dt^ + 

+ cos(mx) I / u(t) sm(2mt)dt + 2 1 I u(t)u(s) cos(2mt) sm(2ms)dsdt— 
\Jo Jo Jo 

x r _ 2x r f l _ _ \ 

/ u{t) sm(2mt)dt / / u(t)u(s) cos(2mt) sm(2ms)dsdt ) + 



-a; /<£ 



+ — cos(mx) ( / u 2 (t)dt— I u 2 (t) cos(2mt)dt— 



2m 



o Jo 

>Xj / 2 / \ 7 / 2 



u\t)dt + - / u 2 (t)dtcos(2mt) +p(x,A n ), (12) 



r^e { sup |p(:r, A n )|} G h, m = n — |, n G N, ur(x) h ui(x) o6o3HaHaiOT 

0<X<TT 

BeiII,eCTBeHHyK) H MHIIMyK) HaCTH (pyHKUIIII COOTBeTCTBeHHO. 

^OKasaTejibCTBO 

fljlfl BBIHHCJieHHH Co6cTBeHHBIX II npiICOGflllHeHHBIX CpyHKUHH 6yn,eM HCnOJIb30- 

BaTb (popMyjiy 

2/ n (x, A n ) = r(x, X n ) sin9(x, A n ), (13) 

cnpaBefljiHBOCTb KOTopoii b paMKax ^amion sa^a^ii noKa3aHa b CTaTbe [2], iyje 
6bijia npo^ejiaHa aiiajioriiHHasi pa6oTa c KpaeBbiMii ycjioBH^MH ^Hpnxjie. Ilofl- 
CTaBiiM b ( TT3T ) aciiMiiTOTHHecKiie (popMyjibi fljisi (pyHKi^iiH r(x,A) 11 6(x : X) : iyje 
corjiacHO JleMMaM 1 11 2 



/■X ^ PX 

r( x , A n ) = 1 - / u(t) cos (2X 1 J 2 t)dt - -A n 1/2 / w 2 (f) cos {2X l JH)dt + A n ), 
jo 2 Jo 

0(z,A n ) = Ay 2 x + v(x,A n ) + An), sup \p(x,\ n )\ < M-f 2 (\ n ) 



0<X<TT 



06o3HaHHM p n = —^v(7T,m 2 ). flajiee Bocnojib3yeMC5i ^OKasamibiM Bbinie 
yTBep^KfleHueM o co6cTBeHHbix 3HaHeiui5ix ii npeo6pa3yeM sin^(x, X n ). 

sin 6(x, X n ) = sin {\ l J 2 x + v(x, A n ) + A n )) 

S^ecb fljiH npoflOJi^KeHHH uc-iiohkii paBeHCTB BOcnojib3yeMC5i cpopMyjioft (jS]). 

sin(Aj/ 2 :r + v(x, X n ) + A n )) = sin (fi n x + mx + A n ) + p(x, A n )) = 
= sin(mx)(l + (/2 n £ + u(a;, A n ) + p(x, A n )) 2 )+ 

+ cos(mx)(p n x + v(x, A n ) + /o(x, A n )) + A n ) = 

PX ^ PX 

= sin(mx) + cos(rax) / w(£) sin (2mt)dt H cos(mx) / u 2 {t)dt J r 

Jo 2m J 

PX pt 

+ 2cos(mx) / / u{t)u(s) cos(2m£) sin(2ms)dsdt— 
Jo Jo 

i r x x r 

cos{mx) I u 2 (t) cos(2mt)dt cos(mx) / u{t) sin (2mt)dt— 



2m Jo it 

"IT pt 



'0 



X 



2mir 

x 
2mir 



r 2x r f 

cos(rax) / u 2 (t)dt cos(mx) / / u(t)u(s) cos(2mt) sm(2ms)dsdt-t- 

Jo * Jo Jo 

PIT 

cos(mx) / u 2 (t) cos(2mt)dt + p(x, X n ). 
Jo 



IloflCTaBHM nojiyneHHoe b Bbipa>KGHii5i ^jra (pyHKuiiH y n {x). 

y n {x, X n ) = r(x, A n ) smd(x : X n ) = sin(mx) + cos(mx) / u(t) sin (2mt)dt+ 

Jo 

+ - — cos(mx) / u 2 (t)dt + 2 cos(mx) / / u(t)u(s) cos(2mt) sm(2ms)dsdt— 
^ m Jo Jo Jo 

i f x x r 

— cos(mx) / u 2 (t) cos(2mt)dt cos(mx) / u(t) sin (2mt)dt— 

m Jo TT J 

r 2x r f l 

(mx) / u 2 (t)dt cos(mx) / / u(t)u(s) cos(2mt) sm(2ms)dsdt-\- 

Jo ~ Jo Jo 

PIT PX 

{mx) I u 2 (t) cos(2mt)dt — sin(mx) / u{t) cos(2mt)dt— 
Jo Jo 



2m 
x 
2mir 



x 
2mix 



1 f x 

— sin(mx) / u 2 (t) sin [2mt)dt + p(x, A n ), 
m Jo 



2m 

npn 3tom { sup \p(x, A n )|} G l\. 

IlpoHSBefleM HopMiipoBKy co6cTBeHHbix (pyHKHHH, fljia SToro nojiyneH- 

/ n \-l/2 

Hoe Bbipa>KeHHe HeoSxoflHMO r n,OMHC»KHTb Ha f J Q n y n {x)y n {x)dx J , HanoM- 
hhm, hto (pyHKHHH q(x) npeflncwiaraeTCH KOMnjieKCH03HaHHOH. Byn,eM Bbifle- 
jiHTb BemecTBeHHyio h MHiiMyio nacTb (pyHKHHH u(x) 7 TO eCTb 063HaHHM 
u(x) = ur(x) + iuj(x). Tor^a conpajKeHHasi (pyHKHHH BbirjiH^HT cjie/ryioiHHM 
o6pa30M: u(x) = ur(x) — iuj(x). 3aivieTHM, hto npn cjicoKeHHH y n (rc) h y n (x) c 
OflHHaKOBbiMH K03(p(pHHHeHTaMH MHHMbie Hacra 6ynyT COKpaLU,aTbCH. 

IlpH no^CHeTe ^aHHoro cc-MHCOKHTejra Ba>KHO nc-MHHTb, hto m He HBjineTCH 
uejibiM hhcjiom, am = n — |, r^e n - nejioe. B TaKOM cjrynae, Hanpniviep, 
Jo*" x sin (2mx) = a He 0. 

HTaK, nOCJie nepeMHO^CeHHH HOpMHpOBOHHbffl COMHO>KHTejIb HMeeT CJie/ryiOIHHH 

bha: 



*7T 



7T 1 



/ y n ix)y n {x)dx = / uit) sin (2mt)dt— I (tt — t)uR(t) cos(2mt)dt— 

'o 2 2m Jo Jo 

"X 



— / (tt - t)(u 2 Jt) - u 2 At)) sin (2mt)dt + p(x, A„) = 
2m Jo 
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7T / 1 f 71 2 f n 

= - 1 1 / u(t) sm(2mt)dt - - (tt - t)u(t) cos(2mt)dt- 

/ (7r - t)u 2 (t) sm(2mt)dt J + A n ), 

r^e { sup A n )|} G /i. 

(KoKtt 

PaccMOTpHM no^poGHee, KaK nojrynaeTCsi ocTaTOK. Mbi He 6yn,eM npiiBOfliiTb 
ncflpoSHbix BbiKjiaflOK BOSBefleHHH b KBa^paT h B3HTH5I HHTerpajia. Pa3o6beM no- 
jiynaioiHHecH cjiaraeMbie Ha THnbi h h otmcthm, noneMy Ka^K^biH H3 hhx o6pa3yeT 
nocjieflOBaTejibHOCTb, jie>Kaiiryio b l\. Bbi^ejisnoTCsi cjie^yioiHHe THnbi cjiaraeMbix: 

1) / it(£) sin (2mt)dt f u(t) sin (2mt)dt, 
o o 

H3HaHajibHO G Z/2, 3HanHT ee KOBCpcpnnneHTbi Oypbe o6pa3yiOT nocjieflOBa- 
TejibHOCTb H3 npocTpaHCTBa /2, Tor^a b KBa^paTe ohh npHHafljiejKaT npc-CTpaH- 
CTBy h; 



2 ) ml U( J) Sin ( 2mt ) dt i 
m Q 

aHajiorHHHO nyHKTy 1) HHTerpajibHbiH coMHCo-KHTejib 6yn,eT nocjieflOBaTejibHO- 
CTbio H3 npocTpaHCTBa /2, npn flOMHOJKeHHH ero Ha 1/m, nojiynaeM nocjieflo- 
BaTejibHOCTb, npHHafljiejKairryio l\\ 

IT t 

3) m f f u (t) u ( s ) cos(2mi) sm(2ms)dsdt, 



m 




nocjieflOBaTejibHOCTb, o6pa3yeMa^ ^BOHHbiM HHTerpajiOM, H3 npocTpaHCTBa a 
coMHO>KHTejib 1/m nepeBOflHT nporoBefleHHe b npocTpaHCTBO l\\ 



4)^/ w 2 (f) sm(2mt)dt J u(t) am(2mt)dt, 
m 

BTopoft HHTerpaji o6pa3yeT nocjieflOBaTejibHOCTb, npHHafljie^Kamyio /2, G L2, 
cjieflOBaTejibHO, u 2 (t) G Li h 3HanHT ee K03cpcpHn;HeHTbi Oypbe y6bmaiOT; nepe- 

7T 

MHO>KaeM nocjieflOBaTejibHOCTH {J u(t) sin(2mt)dt} h {1/m} h pe3yjibTnpyioiii;a5i 



nocjie^OBaTejibHOCTb 6yn,eT H3 npocTpaHCTBa l\] 



5) — J u 2 (t) sm(2mt)dt J u(t) sm(2mt)dt, nona^aeT b ocTaTOK aHajiorHHHO 
m 

nyHKTy 4); 

6) Bee HHTerpajibi c coMHCOKHTejieM 1/m 2 , a TaK >Ke BceB03MO>K- 
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7T 7T 



Hbie npoHSBefleHHH J u 2 (t)dt } f u 2 (i) sm(2mt)dt } f u(t) sm(2mi)dt, 

oo o 

7T t 

f f u(t)u(s) cos(2mt) sm(2ms)dsdt, rne b (popiviyjiax BCTpenaiOTCH Tpn 3Ha- 



Ka HHTerpajia o6pa3yiOT nocjieflOBaTejibHocrn, jie^Kainne b npocTpaHCTBe l\] 
7) Bee 6 nyHKTOB aHajiornnHbi b cjrynaHx, Korna noHBjiHiOTCH HHTerpajibi c 



u[x). 

HTaK ocTajiocb B03BecTH nojiyneHHbie Bbipa>KeHH5i /yin co6cTBeHHbix cpyHKnnn 
b CTeneHb —1/2, rjix Hero BOcnojib3yeMC5i (popMyjion Tenjiopa. B pe3yjibraTe 
nojiynnM paBeHCTBO (TTTT). Etocjie SToro MOJKeM nocTpoHTb n 6HopToroHajibHyio 

CHCTeMy, BOcnojib30BaBniHCb cpopMyjioft w n (x) = - — ^"(^ (cm. [3]), TaKiiM 06- 

pa30M nojiy^HM cooTHoniemie (CT~ 

TeopeMa doKa,3ana. 
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